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Deliberate hypotension has been used in cerebral aneurysm surgery to reduce the risk of premature rupture and to facilitate surgery, t.2 However, it is necessary to preserve the carbon dioxide (COz) reactivity during induced hypotension, because it is common clinical practice to hyperventilate the lungs to reduce cerebral blood flow and volume in patients with increased intracranial pressure.
Subarachnoid haemorrhage (SAH) itself leads to impaired autoregulation of cerebral blood flow. [3] [4] [5] reported that there was a risk of postoperative neurological deficit in patients with impaired autoregulation. 6 Several intravenous drugs such as trimethaphan (TMP), nitroglycerine (TNG), adenosine and sodium nitroprusside (SNP) have been used to induce hypotension but it is difficult to identify a preferable drug.
We have previously reported that prostaglandin E l (PGEI) maintained local cerebral blood flow (LCBF) during cerebral aneurysm surgery. 7 In the previous study, however, we did not evaluate the effect of PGE 1 on CO 2 reactivity. In the present study, we investigated CO 2 reactivity in patients with non-ruptured and ruptured cerebral aneurysms using prostaglandin E I (PGEl) to induce hypotensive anaesthesia.
Methods
The experimental protocol was approved by the committee on human studies at the Osaka Police Hospital and informed consent was obtained from each patient or appropriate relative. The series comprized 43 patients undergoing craniotomy for cerebral aneurysm surgery. The neurological status was graded by the Hunt and Kosnik scale s at the time of admission to the operating theatre. The patients were divided into three groups according to their neurological grade. Group A consisted of 23 patients who had neurological grade I-II. Group B consisted of 11 patients who had poorer neurological grades of III-V and Group C consisted of nine patients who had non-ruptured cerebral aneurysms and served as controls. Fifty-three patients with non-ruptured cerebral aneurysms were identified by cerebral angiography but LCBF could be measured in only nine because the thermal gradient blood flow probe was removed immediately after aneurysm clipping. The diagnosis of subarachnoid haemorrhage (SAH) was confirmed by computerized tomography, fourvessel cerebral angiography, and cerebrospinal fluid examination. The timing of operation was based on the clinical condition, aneurysm location and the medical condition of the patients; early surgery was defined as surgery within three days of SAH and late surgery: > four days of SAH. The outcome of patients was graded by the Glasgow Outcome Scale (GOS) at discharge 9 by two independent neurosurgeons.The GOS is defined as follows: I -good recovery, II -moderate disability, IIIsevere disability, IV -vegetative state, V -death. Anaesthesia was induced with thiopentone (4 mg. kg-I), muscle relaxation was produced with pancuronium (0.1 mg. kg-I). Fentanyl 0.1 mg, supplemented with isoflurane 1-1.5% and lidocaine 1 mg.kg -I were administered before tracheal intubation. After intubation, ventilation was maintained mechanically.
Anaesthesia was maintained with fentanyl (2 ~g" kg -I. hr -I) and nitrous oxide 70% in oxygen. A radial artery catheter was used for continuous monitoring of arterial blood pressure and arterial blood sampling. Arterial blood gases were analyzed with an gas automatic blood gas analyzer (ABL II, Radiometer, Denmark). A venous cannula was introduced into the femoral vein for infusion of PGE r Cerebral aneurysm clipping was performed at various times depending on the clinical severity of patients after ruptured aneurysm. In patients with low neurological grade, ventricular drainage was performed immediately after opening the dura. A thermal gradient blood flow meter probe (Biomedical Science Co. Tokyo, Japan.) was placed on the middle frontal gyms, distal to the point of intended brain retraction.
The measurement of blood flow was based on changes in heat conductivity of the tissue in response to altered blood flow. The gradient is maximum when no blood is passing through the cerebral cortex (Vo) and cortical blood flow increases; the temperature difference decreases in proportion to flow. Tissue blood flow (F) was calculated by the following formula from the electromotive force (V) of the thermocouple generated by temperature changes: F = k(1/V -1/Vo) in which k is constant. Wl Control measurements were made just before the administration of PGE t. An initial dose of 0.1 I~g" kg -l 9 min -l of PGEI was given and subsequent dosing was adjusted to maintain MAP at about 70 mmHg. The LCBF and CO 2 reactivity were obtained at 60 min after the start of PGE I infusion and at 60 min after its discontinuation which was at the completion of cerebral aneurysm clip ligation. The PaCO 2 was changed by increasing minute ventilation and arterial blood samples were obtained before and after the changes of ventilation settings. The PaCO 2 value was measured by an automatic blood gas analyzer.
Absolute CO 2 reactivity was defined as the unit change in LCBF per unit change in PaCO 2 (ml. min -l. 100 g-l. mmHg -I). Relative CO 2 reactivity values were obtained by dividing the value for the percentage of change in the LCBP by the value for the change in PaCO 2, %ALCBF/ APaCO 2 (%-mmHg).
Statistical analysis
Data are expressed as mean +__ SD. The relation between outcome and presurgical neurological status was evaluated with Spearman Rank coefficient test. Statistical analysis of age and total dose of PGE l administered was performed with Student's t test. Haemodynamic and LCBP were compared with one-way analysis of variance and Bonferroni correction to define differences within group and between groups. Statistical analysis of relative and absolute CO 2 reactivity was performed with two-way analysis of variance and Bonferroni correction. The evaluation of correlation between presurgical neurological status and relative CO 2 reactivity was performed with the Spearman Rank coefficient test. The relationship between neurological grade and initial cerebral blood flow was evaluated with the Spearman Rank coefficient test. P < 0.05 was considered statistically significant. Table I shows demographic data of the patients studied. There were no differences of age among groups. The dose of PGE I required to induce hypotension was not different between Groups A and B, but was lower in Group C than in Groups A and B (P < 0.01).
Results
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FIGURE I Correlation between presurgical neurological status and local cerebral blood flow before deliberate hypotension.
There was a close correlation between the initial cerebral blood flow and presurgical neurological status (rs = -0.402, P < 0.05) (Figure 1 ) and the latter correlated with outcome (rs = 0.646, P < 0.01). After the start of PGEj administration, MAP decreased but LCBF and HR did not change throughout the study (Table II) . Carbon dioxide reactivity, absolute (Table III) and relative (Table IV) was related to neurological status and was greater in Group C than in Group A which was greater than in Group B (P < 0.05). Reactivity was not affected by PGE l infusion in any group at any time.
There was a close correlation between presurgical neurological status and relative CO 2 reactivity (before: rs = -0.704, P < 0.01, during: rs = -0.625, P < 0.01, and after PGE 1 infusion: rs = -0.618. P < 0.01) (Figure 2 ).
Discussion
The purposes of this study was to evaluate the effects of PGE 1 induced hypotension on LCBF and CO 2 reactivity during cerebral aneurysm clipping, and to determine the correlation between presurgical neurological status and CO 2 reactivity. LCBF and CO 2 reactivity were preserved in each patient throughout the study. Relative CO 2 reactivity was closely correlated with the presurgical neurological status (before: rs = -0.704, P < 0.01, during: rs ---0.625, IIl  E  3  78  F  IC  333  II  III  E  4  48  M  MCA  580  IV  III  E  5  41  F  MCA  975  IV  IV  E  6  41  F  MCA  1500  IV  IV  E  7  55  F  IC  870  IV  IV  E  8  44  F  IC  1500  III  IV  E  9  50  F  IC  440  V  IV  E  l0  40  M  MCA  500  V  IV  E  I I  57  F  MCA  380  V  V  E  mean MAP mean arterial pressure, HR: heart rate, LCBF: local cerebral blood flow. *P < 0.05, ~'P <0.01, compared with just before start.
TABLE III
Just before 60 rain after 60 rain after start of PG E t start of PG E I PG E t discontinuation
Group A Absolute CO 2 reactivity (ml. 100 g-l. min-i, mmHg-l) 1.07 ---0.4*t 1.13 -0.48"t 1.18 • 0.6*t APaCO2 (mmHg) 11 __. 4.1 9.9 ---4. Mean -+ SD. *P < 0.05 compared with Group C. t P < 0.05 compared with Group B.
P < 0.01, and after deliberate hypotension: rs = -0.618, P<0.01). Initial cerebral blood flow correlated with presurgical neurological status (rs = -0.402, P < 0.05). The CO 2 reactivity demonstrated was greater in Group C than in Groups A and B (P < 0.05), and there was a difference between Groups A and B (P < 0.05). Thus, patients with poorer preoperative neurological grade had decreased CO 2 response. Recent technological developments allow several methods of measuring cerebral blood flow. We employed the thermal gradient blood flow meter, because of its ability to register LCBF changes continuously without delay. Values of LCBF measured in this study were 12 13 comparable to previous reports with other methods ' and CO 2 reactivity values were in good agreement with previous reports in cerebral aneurysm patients using a thermal conductivity probe for the measurement of LCBF. W5 The probe of thermal gradient blood flow meter was placed on the middle frontal gyrus and LCBF was measured in a boundary zone between anterior and middle cerebral arteries. 16 After SAH, clinical presentation is dependent on the severity of haemorrhage. Patients with ruptured cerebral aneurysms may still have a poor outcome in spite of modem neuroanaesthetic and microsurgical techniques.~7 The outcome of patients in the present study correlated well with presurgical neurosurgical status (P < 0.01) which suggests that the outcome of patients after aneurysm surgery can be predicted by the presurgical neurological status.
The use of intraoperative hypotension during aneurysm surgery is controversial. Subarachnoid haemorrhage causes a decrease in cerebral blood flow ls'19 and there is concern that the use of deliberate hypotension may further decrease cerebral blood flow and result in ischaemic brain damage. Most patients with ruptured cerebral aneurysms develop abnormal autoregulation suggesting that they may be more susceptible to cerebral blood flow reduction during hypotension than normal individuals. 2~ However, FIGURE 2 Correlation between relative CO 2 reactivity and presurgical neurological status before, during and after deliberate hypotension.
in our study, local cerebral blood flow demonstrated no difference between non-'ruptured cerebral aneurysm cases and ruptured cerebral aneurysm cases. We measured LCBF in 53 patients with non-ruptured cerebral aneurysms, but the probe of thermal-gradient blood flow meter was removed immediately after aneurysm clipping and in only nine cases could we measure LCBF after discontinuation of PGE I. There was a close correlation between presurgical neurological status and initial cerebral blood flow (P < 0.05).
McDowal116 concluded that the margin of safety of cerebral ischaemia was reduced by the use of induced hypotension. He suggested that induced hypotension should be used only when it may benefit the patient and only by those with appropriate training and experience.
It has been reported that CO 2 responsiveness is totally or partly preserved even in severe cerebral apoplexy. 21 However, using the intraarterial 133Xenon, Ishii reported that in most patients CO 2 responsiveness was disturbed and that impairment of autoregulation was correlated with clinical status, cerebral blood flow and vasospasm. 22 Voldby et al. studied CO 2 responsiveness in 29 patients during hyperventilation within the first 13 days after aneurysm rupture. 23 They reported a decrease in cerebral blood flow of 1 to 4% per mmHg reduction of P a C t 2 regardless of the clinical condition. Cerebrovascular reactivity to hypocapnia was generally preserved in patients with SAH, although it was often reduced. In our study, CO 2 reactivity was correlated with presurgical neurological status before, during and after deliberate hypotension, but even in patients with the poorest neurological status (Hunt and Kosnik Scale grade V), carbon dioxide reactivity was not abolished. PGE I induced hypotension preserved CO 2 reactivity in each group throughout this study.
Hunt et al. recommended early operation in patients of grade I and II clinical status, preferably within 24 hr of admission. Their survival rate was 96% in grade I and 85% in II. s In this study, aneurysm surgery was performed at various times depending on the clinical severity. The safety of deliberate hypotension during aneurysm surgery depends on the preservation of autoregulation. Hitchcock reported that the incidence of postoperative neurological deficits was higher in patients subjected to intraoperative hypotension below 60 mmHg of MAP and that it correlated with the duration of hypotension. 24 In conclusion, this study demonstrated a close correlation between presurgical neurological status and CO 2 reactivity before and during PGE l administration and after its discontinuation. Using thermal gradient blood flow meter, LCBF and CO 2 reactivity were preserved during PGE l induced hypotension. These results suggest that presurgical neurological status has a close correlation with CO 2 reactivity and cerebral blood flow, and PGE l induced hypotension does not change LCBF and CO 2 reactivity.
